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Abstract: In this paper, the detection efficiency of a large area neutron sensitive microchannel plate detector
has been evaluated. A 6LiF/ZnS detector was employed as the benchmark detector, the TOF spectra of these two
detectors were simultaneously measured and the energy spectra were then deduced to calculate the detection efficiency
curve of the nMCP detector. Tests show the detection efficiency@25.3 meV thermal neutron is 34% for this nMCP
detector.
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1 Introduction
Nondestructive Testing(NDT) is of great importance
to homeland security and national defense industry.
As important NDT techniques, X-ray radiography and
Gamma-ray radiography have been widely applied in
many areas. Compared to X-ray radiography and
Gamma-ray radiography, neutron radiography has a va-
riety of advantages. Neutrons are much more sensitive
to lighter elements, such as hydrogen, carbon and their
compounds because neutrons have much larger attenua-
tion coefficients for lighter elements than photons. Neu-
trons are able to penetrate high-Z materials, which are
opaque to X-rays. Moreover, thermal neutrons are very
sensitive to a few special nuclides, such as 3He, 6Li, 10B,
113Cd, 155Gd, and 157Gd. Therefore, neutron radiogra-
phy is a very important NDT technique and has been
used in various areas. For example, neutron radiogra-
phy started to be applied in the detection of hidden shot
balls in a gas-cooled turbine blade[1] when the use of
X-ray radiography seemed difficult.
Neutron-sensitiveMicro Channel Plate (nMCP) has
played a very important role in neutron imaging due to
its high spatial resolution. nMCP detectors was pro-
posed by G. W. Fraser et al.[2] and have been used
by various researchers to achieve high-quality neutron
imaging.[3][4][5][6][7] To expand our skill in neutron
imaging, a nMCP detector has been developed. To
make the MCP neutron sensitive, the normal MCP with
the diameter of 106 mm was doped with 3 mol% of
natGd2O3.[8] The delay line anode was used as the read-
out anode for its large area, high throughput and good
spatial resolution.
Spatial resolution and detection efficiency are two
crucial parameters to achieve high-quality neutron imag-
ing for neutron sensitive microchannel plate detectors .
The spatial resolution directly determines the quality of
the neutron image. The detection efficiency, along with
the intensity of the neutron beam, determines the image
acquisition time for a neutron imaging detector. To ac-
quire a high-quality neutron image with the microchan-
nel plate detector, enough neutron counts are essential,
adequate statistics of at least ∼100 neutrons per pixel
are required.[9] Typical neutron flux of a neutron beam
is 106−107n/cm2 ·s, [10][11] the pixel of the microchan-
nel plate detector is ∼10 µm, the detector’s diameter is
106 mm, and the microchannel plate’s open area ratio is
56%. So the image acquisition time is estimated to be 7
s to 70 s, with a fully ideal detection efficiency of 100%.
However, if the detection efficiency is degraded to 10%,
the image acquisition time would be as long as 70 s to 700
s, resulting in a time-consuming imaging process. Hence,
it is important to evaluate and improve the detection ef-
ficiency to shorten the image acquisition time, in other
words, to acquire more effective neutron counts with a
given measurement time and to ultimately enhance the
quality of the neutron image.
In our previous work, X-ray and Neutron images of
an USAF-1951 Gd-mask have been acquired with this
detector, the spatial resolution has been analysed and
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the throughput has been evaluated. This detectors spa-
tial resolution is 62 µm for 14 kV X-ray photons and is
88 µm for thermal neutrons respectively[12] In this pa-
per, we present the principle, process and results of the
thermal neutron detection efficiency measurement of this
detector.
2 The nMCP detector
The structure of the nMCP detector is shown in figure
1. This detector is composed of a Gd-Mask, the MCP
V-stack, the delay-line anode and its related electron-
ics. The imaging object (Gd-mask) was designed as the
USAF-1951 spatial resolution test chart. The MCP V-
stack consists of a neutron sensitive MCP and a normal
MCP. The delay line anode is a two dimensional read-
out anode with 120 mm by 120 mm area. The 4-channel
readout electronics is composed of the differential ampli-
fier, the CFD (constant fraction discriminator) and the
TDC (time to digital convertor).
Fig. 1. the structure of the neutron sensitive MCP
detector with delay line readout.
3 The study of the thermal neutron de-
tection efficiency
3.1 The principle of the detection efficiency
measurement
The detection efficiency measurements were under-
taken at the thermal neutron beamline at the CPHS
(Compact Pulsed Hadron Source) at Tsinghua Univer-
sity. Considering that the neutron flux of the CPHS
would fluctuated and cannot be monitored online pre-
cisely, a 6LiF/ZnS detector with known detection ef-
ficiency curve was employed as a benchmark detector.
The 6LiF/ZnS detector and the nMCP detector was ad-
jacently placed at two beamlines of CPHS and the event
counts of these two detectors were simultaneously mea-
sured. Figure 2 shows the two detectors layout.
Fig. 2. the 6LiF/ZnS detector and the nMCP detector.
The event counts ratio of the two detectors can be
written as equation (1)
nnMCP
n6Li
=
ǫnMCP
ǫ6Li
(
SD6Li
SDnMCP
)2
SnMCP
S6Li
1−τ6Li ·n6Li
1−τnMCP ·nnMCP
(1)
where n are the event counts, ǫ is the intrinsic detec-
tion efficiency of the detector, SD is the distance between
the neutron source and the detector, S is the detector’s
effective detection area, and τ is the detector’s dead time.
In the measurement, SnMCP =33.8 cm
2(subtract the Gd-
mask’s area from the detector’s total area), S6Li = 3.14
cm2, SDnMCP = 5.55 m, SD6Li = 6.1 m and τnMCP =
τ6Li = 3 µs, which is determined by the amplifier’s time
constant for pulse-shaping. With equation (1), we have:
ǫnMCP =0.0769 ·ǫ6Li ·
nnMCP
n6Li
·
1−τnMCP ·nnMCP
1−τ6Li ·n6Li
(2)
Based on equation (2), the detection efficiencies at
different neutron energies can be deduced by measuring
the energy spectra of two detectors; hence, we measured
the TOF(Time of Flight) spectra of these two detectors.
The CPHS worked at pulsed mode and delivered neu-
trons with a 20 Hz frequency and a 100 µs duration time
per period and the measurements were triggered by the
synchronization signal of the accelerator.
Figure 3 shows the the TOF spectra of the nMCP
detector and the 6LiF/ZnS detector.
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Fig. 3. the TOF spectra of the 6LiF/ZnS detector
and the nMCP detector.
As shown in figure 3, there were dark counts in the
nMCP detector TOF spectrum. To remove the dark
counts, the counts with time of flight longer than 15
ms(neutron energy less than 0.71 meV) were removed
from the original spectrum. The TOF spectra were
transformed as equation (3) to the energy spectra.
E =
1
2
·m ·
(
SD
t
)2
(3)
where E is the neutron energy, m is the neutron mass,
SD is the distance between the neutron source and the
detector, t is the time of flight. The energy spectra of
these two detectors can be therefore acquired, as shown
in figure 4.
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Fig. 4. the energy spectra of the 6LiF/ZnS detec-
tor and the nMCP detector.
According to Equation (2), the detection efficiency
curve of the nMCP detector can be deduced from the
event count ratios of the two detectors and the known
detection efficiency curve of the 6LiF/ZnS detector. Fig-
ure 5 shows the calculated detection efficiency curve
of the nMCP detector and the know detection effi-
ciency curve of the 6LiF/ZnS detector, the detection ef-
ficiency@25.3meV thermal neutrons is about 34%.
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Fig. 5. the detection efficiency curves of the
6LiF/ZnS detector and the nMCP detector.
4 Conclusion and Discussion
It is important to consider what effects has the 100
µs pulse width of the accelerator’s synchronizing signal
had on the nMCP detector’s detection efficiency mea-
surements. This pulse width introduces a 100 µs error to
TOF measurements, therefore introduces errors to neu-
tron energy calculation. The relationship between energy
error and TOF error is shown in equation (4).
dE=m ·
(
SD2
t3
)
·dt (4)
Therefore, relative energy errors, dE
E
, at different neu-
tron energies can be deduced according to equation (4),
as shown in figure 6.
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Fig. 6. energy errors at different neutron energies.
Taking neutron energy errors into consideration when
drawing two detectors’ detection efficiency curves, we
have figure 7, which is the combination of figure 5 and
figure 6.
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Fig. 7. detection efficiency curves considering neutron energy error
Previous work on thermal neutron detection effi-
ciency was conducted mainly by A.S. Tremsin et al.
The thermal neutron detection efficiency of a nMCP
detector, which consisted of one 10B-doped microchan-
nel plate followed by a stack of two normal MCPs,
was measured to be 16%, [15] even though the calcu-
lation results predict that detection efficiencies of up to
78% are possible.[13][14] Compared to previous detec-
tors, our gadolinium doped microchannel plate detector
has higher detection efficiencies for thermal neutrons, as
our measurements results showed.
In conclusion, the detection efficiency of a large area
neutron sensitive microchannel plate detector has been
evaluated through measuring the TOF spectra of the de-
tector and the benchmark detector, a 6LiF/ZnS detector
with known detection efficiency curve. The energy spec-
tra were deduced and the detection efficiency curve of
the nMCP detector were calculated. The detection effi-
ciency@25.3meV thermal neutrons is about 34%, which
enable us to conduct neutron imaging experiments at
low-intensity neutron beams like the CPHS.
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